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Abstract 
A vortex tube is a cooling device in which an air can be used as a working medium; thus, the vortex cooling system is 
environmentally friendly. Thermal separation flow studied and preliminary tests suggest that reducing the 
temperature of an external surface at the hot tube section of the vortex tube could increase the vortex cooling 
capacity. In this paper, a thermoelectric module is employed to extract heat from the hot tube surface and then release 
it to environment. In other words, a temperature difference is used to generate power by the thermoelectric generator 
as thermal energy harvester. A test rig is designed and constructed, in the laboratory, for the experiment on the vortex 
cooling system incorporating the thermoelectric module. Test parameters are the cold fraction from 0 to 1 and an inlet 
air pressure of 1.5 bars. The results show that the cooling capacity and efficiency increase when the thermoelectric 
module is used to extract heat from the hot tube surface of the vortex tube and electricity is generated as by product. 
The cooling capacity and efficiency of the vortex tube is increased by 4.3 % and 9.6 % respectively. 
 
© 2013 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Research 
Center in Energy and Environment, Thaksin University. 
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1. Introduction 
A vortex tube is a thermal device that can produce hot and cold streams simultaneously using only a 
compressed gas. Air is commonly used as a working medium in the vortex tube; hence, the vortex cooling 
is an environmentally friendly system. Other benefits of vortex cooling are fast cooling, short time 
producing a low temperature stream, and no moving parts thus little requirement for maintenance. The 
device is also called Ranque-Hilsch tubes and Ranque-Hilsch vortex tubes, named after the people who 
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invented and published significant research on the vortex tube. Several studies presented the finding on 
the unique energy separation phenomena in the vortex tube. Compressed gas at higher pressure than 
atmospheric enters the tube inlet passing through radial nozzles into the swirl or vortex generation 
chamber where it creates a high speed flow with thousands of rotations per second. Two different 
airstreams produced then flow along the tube where a high temperature stream is found at outer region 
while a low temperature stream is observed at the central region as shown in Fig.1. The cold and the hot 
streams exit the main tube at the opposite end for the counter-current flow type but leave at the same side 
in different end for the con-current flow type. The first type is widely used; accordingly, this configuration 
is studied in the current research as seen in Fig.1. 
 
 
Fig.1. Counter-current flow type of vortex tube 
 
Based on experimental study, temperature and velocity of the flow stream inside the vortex tube were 
measured using small Pitot probe [1]. This found that an expansion of a centrifugal field is the main cause 
of energy separation which regards to the turbulent eddies and adiabatic contraction. Another study 
showed that a vortex braid is formed and results in the viscous heating to the gas near the vortex chamber 
wall at the same time the adiabatic cooling of gas near the axis of the tube [2]. There is a supporting 
statement on the heat transfer and turbulent flow model in which the acceleration and viscous resistance 
created by a high speed rotation of the flow effect to the variation of the fluid pressure. This has caused 
the energy separation [3]. Another study presented the finding of secondary flow that contributed to the 
energy transfer between the two difference flow streams as a result of the energy separation effect [4]. The 
secondary circulation flow was enclosed in the primary vortex flow and moved the backflow from the 
core region to peripheral region which carried the energy from a cold to a hot flow. In addition, studies on 
an efficiency enhancement have received high attention. An attempt to increase the efficiency of a vortex 
cooling unit using a heat pipe heat exchanger and two stage vortex tubes was investigated [5]. The test 
result showed satisfactorily with an increasing of efficiency at 11 %. 
The fluid flow characteristic in vortex tube was studied using computational methods [6]. This 
indicated the areas of high and low air temperatures. It also presented the area where the secondary flow 
occurred. The advantage of a computational method is clearly less expensive when considering the 
installation cost for the test rig and the cost of all measuring instruments. A review of computational flow 
models was presented [7].  The computational fluid dynamic codes were employed for the study on vortex 
tube performance and thermal separation effect. Real dimensions were referred in the simulation model 
which aimed to optimize the tube performance and operating condition. One subject of the vortex tube 
remains to be debated among researchers in this field is the theory on the energy separation phenomena. 
Experimental and numerical methods are equally importance for that study. 
Well known applications for the vortex cooling systems are spot cooling at thermal machinery, cutting 
tool, electronic enclosure and vest cooling. In the mining where the working environment may be 
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uncomfortable and inconvenient to construct conventional cooling system, vortex cooling has proved to 
be useful. 
It is clear that the improvement of vortex cooling efficiency is of benefit to energy conservation. A 
lower cost and less complex system is offered in this paper to gain an efficiency enhancement of the 
vortex cooling unit. 
The preliminary test on flowing air or water at lower temperature than the hot tube section in Fig.1 is 
promising. It suggested that, by reducing an external hot tube surface temperature, the cooling capacity of 
the vortex tube could be increased because of greater heat transfer rate between the outer and the core 
flow streams. With the use of a thermoelectric module that is placed in between the hot tube surface and 
the ambient air, the temperature of the hot tube surface would be dropped by this thermal harvester device 
and electrical power could be generated from the temperature difference across the two sides of the 
thermoelectric module. In other words, the generation of power as well as reducing hot tube surface can 
be done using the thermoelectric module. 
Thermoelectric devices can be used for generating an electrical and cooling or heating power. A study 
on the use of thermoelectric device to extract low grade heat source for power generation showed 
promising results [8]. It was found that the thermoelectric could generate a useful power at temperature 
difference as low as between 1 and 10 K when receiving a large amount of heat. The thermoelectric 
device was used to harvest diurnal heat flow at the upper soil layer for electricity generation [9]. A 
number of thermopiles, bismuth-telluride thermopiles, was designed for small temperature difference and 
connected into a unit of harvester. Accumulate power for ten years of operation was found an energy 
density of 1430 Eh/kg in which the device weight is 0.24kg and operates at 1.1 mW. Although, the 
purpose of using thermoelectric module in this research is to extract heat from the hot tube in order to 
reduce the surface temperature, the electrical power is also generated as a by-product. 
This paper proposed an alternate method to enhance the vortex cooling capacity by reducing hot tube 
surface temperature. The work involved in the current study is designing and constructing the test rig in 
the laboratory and testing the vortex cooling systems (normal and modification unit). The conventional 
vortex tube, counter current flow type, is modified by installing a thermoelectric compartment at the hot 
tube section. Study parameters are the cold fraction from 0 to 1 and inlet air pressure of 1.5 bar. The 
cooling capacity and efficiency of the vortex cooling system with and without thermoelectric unit are 
compared. It shows the efficiency improvement of the vortex cooling system when the thermoelectric is 
employed. 
2. Experimental Setup 
A vortex tube made of stainless steel from AiRTX is used. The counter current vortex tube has one 
inlet, line vertically, and two outlets, line horizontally, located at the opposite end. The dimension of the 
vortex tube is measured and illustrated in table 1. 
Table 1. Vortex tube dimension 
Detail Dimension(mm) 
Tube diameter 12.7 
Hot outlet diameter   7.2 
Cold outlet diameter   9.1 
Generation chamber (outside diameter) 40.8 
Hot tube length 90 
 
A module of thermoelectric has an area of 40x40 mm2. It is placed at the small compartment covering 
the hot tube section that is well insulated. For reducing the hot tube surface temperature, the 
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thermoelectric module is placed one side on the circular copper wire coiled around the tube surface in the 
compartment while the other side of thermoelectric contacts a small fan to expel heat into an ambient air. 
2.1. Experimental description 
A test rig is designed and constructed in the laboratory where a compressed air outlet is located. 
Ambient air is compressed by the compressor. A pressurized air flows into an air storage tank then goes 
to the pressure regulator, to control an inlet air pressure, for the test condition. The vortex tube, counter 
current flow type, is employed in the test for the baseline system. The vortex tube is later modified and 
combined with thermoelectric module at the hot tube section which aims to increase the system efficiency 
by reducing the temperature of hot tube surface. The schematic diagram of the experimental setup is 
shown in Fig. 2. An inlet compressed air goes to the radial nozzles that generate thousands of rotation of 
the flow then separates into two different temperature airstream and exit the tube at different ends. 
Temperature is measured by thermocouple at an inlet and the two outlets of the vortex tube. Variable cold 
and hot air flow rate can be adjusted by turning the needle valve at the end of the vortex tube. To measure 
air flow rate, variable area flow meters are installed at the vortex tube outlets as seen in Fig.2. 
The thermoelectric module was tested prior to install at the hot tube section of the vortex tube, in 
which the heat flow is controlled at constant temperature on one side as seen in Fig.3. At the same time, 
the other side of thermoelectric module is surrounded by ambient air. Voltmeter and ammeter were used 
to measure voltage and current generated by thermoelectric module. An earlier test showed the 
thermoelectric power can be generated in the range of temperature difference provided by the vortex tube 
at the hot tube section. In the experiment, the thermoelectric power is calculated from the measured 
voltage and current. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. Schematic diagram of the vortex cooling test rig 
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Fig.3. Schematic diagram for thermoelectric module  test 
 
2.2. Empirical model 
Measured temperature and air flowrate are used to determine the vortex cooling capacity and 
efficiency. 
The vortex  cooling capacity can be determined 
 
 cinpcc TTcmQ  &   (1) 
where cp is a specific heat at constant pressure (kJ/kg.K), ṁc is a cold air mass flow rate (kg/s), Tin and 
Tc are an inlet air temperature (K) and a cold air temperature (K) respectively. 
The cold mass fraction, CF, is the ratio of a cold air mass flow rate to a total inlet air flow rate. 
 
CF = ṁc / ṁt  (2) 
 
The isentropic efficiency of a vortex cooling system can be calculated 
 
scs TT  /   (3) 
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where Ts is an isentropic temperature difference (K), Pa and Pin are atmospheric and inlet air pressure 
(N/m2) respectively and cv is a specific heat at constant volume (kJ/kg.K). 
 
Electrical power generated by thermoelectric module is calculated from the measurement of current 
and voltage by a voltmeter and ammeter. Electrical power generated by thermoelectric device is written 
PTE = ITE x VTE  (4) 
where ITE and VTE are the current and voltage of the thermoelectric power. 
 
Thermoelectric module  
Heat source  
A 
V 
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3. Results and Discussions 
3.1. Thermoelectric power 
In order to verify range of temperature difference for thermoelectric operation, the thermoelectric 
module was tested and the experimental result shown in Fig.4. Temperature at the heat source is varied 
from 40oC to 80oC for the testing condition. Thermoelectric module power is generated even at lowest 
temperature difference at 12 oC this ensures that it will function with the hot tube surface temperature as 
shown in Fig.5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4. Thermoelectric power at various temperature differences 
3.2. Vortex cooling capacity 
The normal vortex tube is tested at inlet air pressure of 1.5 bars and cold fraction, cold air mass flow 
rate per total air mass flow rate, from 0 to 1. Results are plotted between hot tube surface temperature and 
cold fraction. It can be seen that the surface temperature varies along the hot tube section from the place 
close to a swirl generation chamber to the hot end as shown in Fig.5. The temperature distribution along 
the tube (at a constant cold fraction) indicates the thermal separation is occurring along the hot tube 
section. It is clearly seen that the larger cold fraction is the greater the temperature difference between the 
hot tube surface and the ambient air. 
An increasing vortex cooling capacity is observed as shown in Fig.6. Further improvement can be 
achieved through the design and fabrication of the thermoelectric module on the hot tube surface where 
heat flow over the thermoelectric module is consistent. 
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Fig. 5. Temperature along the hot tube section of the vortex tube 
Fig. 6. The cooling capacity of the vortex cooling system with, (QC,TE) and without thermoelectric module (QC) 
 
In addition, the isentropic efficiency of the vortex cooling system is determined using equation 3. The 
results are illustrated in Fig.7. The results indicate that a vortex cooling system with thermoelectric 
module reducing hot tube surface temperature has higher efficiency than a normal vortex cooling system. 
Operating at low cold fraction the system provide better efficiency than high cold fraction this is due to at 
highest cold fraction, CF = 1, the whole air flow back to the cold end and resulted in little temperature 
drop for the cold air outlet. This means the lowest cooling capacity at cold fraction of 1 because of low 
energy separation effect. More detail on the simulation and experimental result for the energy separation 
flow characteristic can be found [5].  Higher cooling capacity and efficiency is found when operating the 
vortex tube at cold fraction around 0.64. 
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Fig. 7. Comparison of isentropic efficiency between a conventional and a modified vortex cooling system with thermoelectric 
module 
 
Power generation by the thermoelectric module that extracts heat from the hot tube surface is shown in 
Fig.8 at operating condition of 1.5 bars, inlet air pressure, and cold fraction between 0 and 1. 
Thermoelectric module can generate power as high as 3 W when the vortex cooling system with 
thermoelectric module operates at cold fraction of 0.64. Although, the higher power is received at cold 
fraction of 1, this condition cannot be used for cooling purpose since the cooling power is very little and 
not enough for cooling application. 
Fig. 8. Thermoelectric power generation from the heat at hot tube section when operate a vortex cooling system at various cold 
fraction and an inlet air pressure of 1.5 bar 
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It can be observed that the vortex cooling capacity and efficiency is increased when thermoelectric 
module is used to reduce the hot tube surface temperature. Moreover, temperature difference between an 
ambient air and the hot tube surface of a vortex tube is enough for generating electricity from the 
thermoelectric module. 
4. Conclusion 
The results show that the vortex cooling capacity and the vortex tube efficiency has increased when the 
thermoelectric module is used to extract heat from the hot tube section of the vortex tube. With the 
temperature difference across the thermoelectric module, the electrical power is generated as a by-
product. The cooling capacity and efficiency of the vortex tube increase by 4.3 % and 9.6 % respectively. 
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